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(54) Test method for power integrated devices 

(57) A method of checking the integrity of an electric 
power connect (7) between a contact pad (5) of an inte- 
grated circuit (2) and a corresponding contact pin (8) in 
an electronic power device including two final power 
stages (3,4) powered from respective discrete contact 
pads (5,6) connected by means of electric power con- 
nects (7,13) to respective contact pins (8,9), comprises 
the steps of, 

providing a resistive connection (14) between said 
two contact pads (5,6), 

bringing a first final power stage (3), powered from 
the first contact pad (5), to a conduction state, 

measuring the potential difference between the two 
contact pins (8,9) connected to said two contact 
pads (5,6), and 

comparing said potential difference with a predeter- 
mined nominal potential difference. 




HG.2 



< 

CO 
CM 

o 
o 

CM 

o 

LU 



Printed by Rank Xerox (UK) Business Services 
? 1?4Ai 



EP0 720 023 A1 



Description ' 

Field of the Invention 

This invention relates to a method of testing inte- 5 
grated power devices, and in particular, to a method of 
checking the integrity of a two-wire electric connect 
between a contact pad of an integrated power circuit 
encapsulated within a package and a corresponding 
contact pin made available on the package exterior 10 

The invention concerns in particular an integrated 
power circuit of the type which either comprises a power 
stage and signal stage or two final power stages which 
are structurally independent and powered through 
respective discrete contact pads connected by two-wire 15 
electric connects to respective pins of the package, and 
a means of testing such two-wire connects for integrity. 
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As is known, in integrated power circuits, the con- 
nections between certain contact pads of the integrated 
circuit and corresponding metallic contact pins of the 
package are provided by two wires in parallel, in order to 
increase the maximum current that the connection can 25 
accommodate. In this way, the two wires in parallel can 
accommodate currents of upward of 5 Amps. 

For electronic devices which have more than one 
final power stage, such as certain audio amplifiers which 
may draw still larger currents, it is preferred that the 30 
power connection be split by having each final stage con- 
nected to its corresponding supply contact pin by a two- 
wire connect. In normal operation of the device, there 
would be at least two supply contact pins connected to 
the same electric potential, that is, either to the supply 35 
voltage or the circuit ground. 

It matters to observe that, at the end of the fabricat- 
ing process that yields the integrated power device prod- 
uct, the metallic pins will only be accessible on the 
package exterior 40 

Thus, there exists a need to ascertain the integrity 
and soundness of the two-wire connect welds, in view of 
current welding processes yielding a rate of rejects of 50 
to 1 00 ppm (pieces per million). Conventional measuring 
methods have been in use which provide automatic 45 
checking capabilities, and specifically, a measurement 
of pin-to-pin continuity. Such methods, however, have 
been unable to discriminate between a faulty connect, 
wherein a single wire is present, and a sound connect, 
wherein both wires are present, because the resistance so 
of gold wires is negligible compared to the overall resist- 
ance of the circuit being measured. 

To overcome this problem, the prior art has pro- 
posed a first solution which consists of splitting the con- 
tact pad of the integrated circuit into two separate sub- 55 
pads connected to the same pin by respective wire con- 
nects. This solution allows of conventional testing, but 
has a disadvantage in that it requires that the area of the 
integrated circuit be expanded to accommodate the 



increased number of contact pads provided. This is 
undesirable in that the present trend favors enhanced 
miniaturization of integrated circuits and devices. In addi- 
tion, certain technological restrictions from the layout 
rules make this solution impracticable. 

Disclosed in European Patent Application 
93830186.8, published on November 2, 1994 under No. 
0622733, is a second solution, in particular a method of 
testing two-wire electric connects in integrated power 
devices This method provides for a first contact pad, to 
which a two-wire connect to be checked for integrity is 
run, to be connected, via a power diode formed within 
the integrated circuit, to a second pad made available on 
the device exterior. 

By having a large (a few Amps) current flowed 
beetween the two device contact pins connected to said 
contact pads, and therefore through the power diode, a 
power dissipation by the wire connects between the pins 
and the pads is caused As is known, a rise in the wire 
temperature results in the resistance of the wires also 
increasing in value. Thus, by sampling the change in volt- 
age across the two pins over time, which voltage would 
vary with the resistance of the wire connects, and com- 
paring such samplings with values obtained by testing a 
sample device, it becomes possible to tell an intact two- 
wire connect from a faulty single-wire one. 

In general, the last-mentioned method is used for 
checking the two-wire connects provided at the outputs 
of power amplifiers since, between the output pad of the 
final stage and the circuit ground, an intrinsic p-n junction 
is present which is normally reverse biased. This junction 
is part of the integrated structure of the final power tran- 
sistor. Accordingly, it has been found advantageous to 
use this junction for continuity checks on the two-wire 
connect at that output. On the other hand, in order to 
check a two-wire connect provided at a supply contact 
pin of a power device by this method, it would be neces- 
sary to integrate a diode to the integrated circuit which 
can accommodate currents on the order of 5 Amps, that 
is a diode of a fairly large size. Where devices having 
several final power stages powered from different supply 
pins are involved, it would be necessary to integrate a 
power diode for each supply pin. Thus, the area of the 
integrated circuit would be greatly increased by the intro- 
duction of components which only are of use for testing 
purposes. 

The underlying technical problem of this invention is 
to provide a method of checking the integrity of a two- 
wire electric power connect between a contact pad of an 
integrated circuit encapsulated within a package and a 
corresponding contact pin, which method allows said 
connect to be checked from outside the device, in a very 
short time and without involving any integration of power 
components to the integrated circuit which would only 
come useful at a testing stage. 

This technical problem is solved by a testing method 
as defined in Claims 1 to 4 and 7 to 9. 

The problem is also solved by an integrated device 
as defined in Claims 5, 6, 10 and 1 1 . 
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,The features of this invention will become apparent 
from the following detailed description of an embodiment 
thereof shown, by way of non-limitative example, in the 
' accompannying drawings of which, 

5 

Figure 1 is a diagram showing schematically a power 
device of a known type which has two final stages 
with independent power supplies; 

Figure 2 is a diagram showing schematically a first to 
power device according to the invention, to which the 
following method is applied; and 

Figure 3 is a diagram showing schematically a sec- 
ond power device according to the invention, to is 
which the following method is applied. 

Detailed Description 

Shown in Figure 1 is a portion of an electronic power 20 
device 1 which incorporates an integrated circuit 2 com- 
prising two final stages 3 and 4 which are independently 
powered through two contact pins 8 and 9 on the device 
1. 

In particular, two electric power connects 7 and 13 25 
are shown formed between respective contact pads 5 
and 6 of the integrated circuit 2 and corresponding con- 
tact pins 8 and 9. 

These electric power connects 7 and 1 3 are two-wire 
connects, each formed by welding two gold wires 12 on 30 
the contact pads 5, 6 of the integrated circuit 2, with one 
end, and on the contact pins 8. 9 of the device 1 , with 
the other end. 

In the device depicted in the Figure, both two-wire 
connects 7 and 13 are used for connecting the final 35 
stages 3 and 4 to a positive pole of the supply generator, 
but could be used in a similar way for connection to a 
further voltage reference, such as the electric ground of 
the circuit. 

The two final stages 3 and 4 can be driven via two 40 
inputs 1 0 and 1 1 . Thus, each final stage can be brought 
to a conducting state or a cut-off state in an independent 
manner, from outside the device. 

Shown in Figure 2 is a portion of a power device 1 
incorporating an integrated circuit 2 which has two final 45 
stages 3 and 4 with independent power supplies, and 
including a means 14 of testing two-wire electric con- 
nects for integrity in accordance with the invention. 

The two-wire connects 7 and 13, used for powering 
the two final stages 3 and 4, are to be checked for integ- 50 
rity. Advantageously, the two contact pads 5 and 6 of the 
integrated circuit 2 are interconnected by an integrated 
resistive element 14. This resistive element 14 should 
have a very low value resistance, e.g. 10 Ohms, and as 
explained hereinafter, has very small currents (tens of 55 
milliamps) flowed therethrough. Accordingly, it can be 
formed on the integrated circuit in a region of greatly 
reduced area, where a certain type, e.g. N type, of 
dopant is diffused. 



023 A1 




In particular, the following method is once used to 
check the first two-wire connect 7 for integrity, and a sec- 
ond time to check the second two-wire connect 13 for 
integrity. 

The first step of the method provides for the device 
1 to be powered through the supply contact pin 8, which 
pin powers the first final stage 3 directly 

The second final stage 4, moreover, is powered 
through the integrated resistive element 14. 

While holding the second final stage 4 in the cut-off 
state, the first final stage 3 is brought to a state of 
enhanced conduction by having it draw a large, 4 to 5 
Amps, current 11 through the supply pin 8. 

Thus, the second final stage will draw, via the resis- 
tor 14, a very small current 12, in the 50 mA range. 

The current drawn by the supply generator and 
flowed through the two-wire connect 7 is the sum of the 
two currents 11 and 12 drawn by the two final stages, and 
closely approaches the current 11 in magnitude. 

The second step of the inventive method consists of 
measuring the potential difference between the two sup- 
ply pins 8 and 9 of the two final stages. This potential 
difference is the sum of the voltage drop across the two 
gold wires of the power connect 7 and the voltage drop 
across the resistive element 1 4, given that no current will 
bef lowing through the second power connect 13, so that 
the potential drop is null thereacross. 

The potential difference between the two pins 8 and 
9 is given by the following formula, referred to as formula 
A hereinafter: 

V = (11 + l2)*Rwire + I2*R (A) 

where, Rwire is the resistance of the power connect 7, 
and R is the resistance of the integrated resistive ele- 
ment 14. 

Listed in the chart below are some exemplary values 
for the electrical quantities used in formula A, respec- 
tively in the case of a two-wire connect and a faulty sin- 
gle-wire connect: 





2-wire 


1-wire 




II 


5 


5 


Amps 


12 


.05 


.05 


Amps 


Rwire 


11E-3 


22E-3 


Ohms 


R 


10 


10 


Ohms 



From these values, the value of the voltage V can be 
calculated for either cases: 

V1 = (5+0.05)*11E-3+0.05*10 = 0.555 Volts 

V2 = (5+0.05)*22E-3+0.05*10 = 0.611 Volts 
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It can be seen that the two voltages V1 and V2 differ by 
55 millivolts from each other ; therefore, by comparing the 
voltage value V measured on the piece being tested with 
a Value previously measured on a sample piece, a good 
two-wire connect can be discriminated from a faulty sin- 
gle-wire connect. 

Using the same procedure, the second two-wire 
connnect 13 can be checked for integrity by powering the 
device 1 through the supply pin 9 which powers the sec- 
ond final stage 4 directly 

Consequently, the first final stage 3 will be powered 
via the integrated resistive element 14. 

Thereafter, while holding the first final stage 3 in the 
cut-off state, the second final stage 4 is brought to a state 
of enhanced conduction, and the potential difference 
between the two supply pins 8 and 9 of the two final 
stages measured. 

By comparing this voltage value with a value previ- 
ously measured on a sample piece, a good two-wire con- 
nect can be discriminated from a faulty single-wire 
connect, similar to the foregoing instance. 

To summarize, the above-described method and 
device allow devices wherein a wire is missing from or 
damaged in the two-wire connect, to be located in a pos- 
itive manner. Thus, a high degree of quality and reliability 
can be ensured for the pieces that tested good. These 
results are obtained at a significant saving in area of the 
integrated circuit compared to prior art solutions. 

In particular, the solution described requires very 
simple testing equipment, and the test can be completed 
in a very short time. 

It will also be appreciated that changes and modifi- 
cations may be made unto the method and device herein 
described and illustrated, without departing from the pro- 
tection scope of this invention. In particular, it should be 
emphasized that the method used can be applied to any 
pair of equipoterrtial contact pins on the device; more 
specifically, it can be used to check power connects 
between two ground contact pads of the integrated circuit 
and two respective ground contact pins on the device 

As an example, this method may be applied to a 
power device 1 , shown schematically in Figure 3, which 
incorporates an integrated circuit 2 having a final power 
stage 3 and a signal stage 1 5 powered through two inde- 
pendent equipotential contact pins 8 and 1 8, and includ- 
ing a means 14 of checking a two-wire electric connect 
for integrity. 

The connect 7 between the contact pad 5. through 
which the power stage 3 is powered, and the contact pin 
8 is provided by a double wire 12, whereas the connect 
1 9 between the contact pad 1 7, through which the signal 
stage 1 5 is powered, and the contact pin 1 8 is provided 
by a single wire. 

Advantageously, the two contact pads 5 and 18 of 
the integrated circuit 2 are connected to each other 
through an integrated resistive element 14. 

In order to check the two-wire electric connect 7 for 
integrity, the device 1 is powered through the supply pin 
8 F which pin powers the final stage 3 directly. 



The signal stage 15 will, therefore, be powered 
through the integrated resistive element 1 4. and will draw 
a small current, denoted by 12 in the Figure, via this resis- 
tor 14. 

s The final power stage 3 is then brought to a state of 
enhanced conduction, causing it to draw a large current 
11 from the supply pin 8, and the potential difference 
between the two pins 8 and 9 is measured. 

By comparing this voltage value with a value previ- 

10 ously measured on a sample piece, a good two-wire con- 
nect can be discriminated from a faulty single-wire 
connect, the same as in the previously described embod- 
iment. 

15 Claims 

1 . A method of checking the integrity of an electric 
power connect (7) between at least one contact pad 
(5) of an integrated circuit (2) encapsulated within a 

20 package and a corresponding contact pin (8), said 
integrated circuit (2) including at least two final 
power stages (3,4) powered from respective dis- 
crete contact pads (5,6) connected by means of 
electric power connects (7, 13) to respective contact 

25 pins (8,9), characterized in that it comprises the 
steps of, 

providing a resistive connection (14) between 
said two contact pads (5,6), 
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35 



40 



45 



- bringing a first final power stage (3), powered 
from the first contact pad (5), to a conduction 
state, 

measuring the potential difference between the 
two contact pins (8,9) connected to said two 
contact pads (5,6), and 

- comparing said potential difference with a pre- 
determined nominal potential difference 

2. A method according to Claim 1 , characterized in that 
said resistive connection (14) is an integrated resis- 
tive element of low resistance value. 



3. A method according to Claim 2, characterized in 
that, during the test, the second final power stage 
(4) of the integrated circuit (2) is held in a cut-off state 
and draws a known value current from the first con- 

50 tact pad through said integrated resistive element 
(14). 

4. A method according to Claim 2, characterized in that 
said potential difference between said two contact 

55 pins (8,9) is the sum of the voltage drop across the 
electric power connect (7) between said first contact 
pad (5) and the corresponding contact pin (8) and 
the voltage drop across said integrated resistive ele- 
ment (14). 
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5. .An integrated power device (1 ) including a means of 
checking the integrity ot an electric power connect 
* (7) between a contact pad (5) of an integrated circuit 
(2) incorporated thereto and a corresponding con- 
tact pin (8), said integrated circuit (2) including at s 
least two final power stages (3,4) powered from two 
discrete contact pads (5,6) being independently 
connected to associated contact pins (8,9), charac- 
terized in that said contact pads (5,6) of the inte- 
grated circuit (2) are connected to each other 1t 
through an integrated resistive element (14). 




independently connected to associated contact pins 
(8,1 8), characterized in that said contact pads (5.1 7) 
of the integrated circuit (2) are connected to each 
other through an integrated resistive element (14). 

1 1 . Adevice according to Claim 1 0 , characterized in that 
said integrated resistive element (14) is a low resist- 
ance value element. 



6. A device according to Claim 5, characterized in that 
said integrated resistive element (14) is a low resist- 
ance value element. 15 

7. A method of checking the integrity of an electric 
power connect (7) between at least one contact pad 
(5) of an integrated circuit (2) encapsulated within a 
package and a corresponding contact pin (8), said 20 
integrated circuit (2) including at least one final 
power stage (3) and a signal stage (15) powered 
from respective discrete contact pads (5,17) con- 
nected through electrical connects (7,19) to respec- 
tive contact pins (8,18), characterized in that it 25 
comprises the steps of. 



providing a resistive connection (1 4) between 
said two contact pads (5,1 7), 

30 

- bringing the final power stage (3) powered from 
the first contact pad (5) to a conduction state, 

measuring the potential difference between the 
two contact pins (8,18) connected to said two 35 
contact pads (5,17), and 

comparing said potential difference with a pre- 
determined nominal potential difference. 

40 

8. A method according to Claim 7, characterized in that 
said resistive connection (14) is a low resistance 
value element. 



9. A method according to Claim 8, characterized in that 45 
said potential difference between said two contact 
pins (8,18) is the sum of the voltage drop across the 
electric power connect (7) between said first contact 
pad (5) and the corresponding contact pin (8) and 
the voltage drop across said integrated resistive ele- so 
ment (14). 

10. An integrated power device including a means of 
checking the integrity of an electric power connect 

(7) between a contact pad (5) of an integrated circuit 55 
(2) incorporated thereto and a corresponding con- 
tact pin (8), said integrated circuit (2) including at 
least one final power stage (3) and a signal stage 
(15) powered from two discrete contact pads (5, 1 7) 
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FIG.3 
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